Delamination Analysis of Polymeric Materials During the Drilling Process  by Domingo, R. et al.
 Procedia Engineering  132 ( 2015 )  448 – 455 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of MESIC 2015
doi: 10.1016/j.proeng.2015.12.518 
ScienceDirect
Available online at www.sciencedirect.com
The Manufacturing Engineering Society International Conference, MESIC 2015 
Delamination analysis of polymeric materials during the drilling 
process 
R. Domingoa,*, M. Marína, B. de Agustinaa, R. Calvob 
aDepartment of Construction and Manufacturing Engineering, Universidad Nacional de Educación a Distancia (UNED), C/ Juan del Rosal 12; 
28040 Madrid, Spain 
bDepartment of Mechanical Engineering, Chemistry and Industrial Design, Universidad Politécnica de Madrid, Ronda de Valencia 3, 28012 
Madrid, Spain  
Abstract 
Currently, the study of the drilling of polymeric materials is increasing. Some of these materials are PA66 (Poly-Amide), PEEK 
(Poly-Ether-Ether-Ketone) and PTFE (Poly-Tetra-Fluoro-Ethylene) or Teflon. Former studies are shown as PEEK and PA66 
have a good machinability, but they are materials that suffer delamination. Moreover, the effect of the tool is decisive in the 
surface final quality. These considerations can be extended to PTFE. Therefore, the objective is to analyze the delamination 
during the drilling process of these materials, and to determine adequate cutting conditions. The experiments have been carried 
out in a machining center in dry. Different cutting conditions have been selected. The selected drill is designed specifically to 
drill polymers. Its material is WC and its point is of diamond. The geometry responds to a point angle of 90º, a helix angle of 35º 
and diameter of 6.3 mm. The plates of the three materials have a thickness of 6.5 mm. The results of the tests were treated in an 
analysis of variance to relate the influence of each factor and in a Student-Newman-Keuls test to identify the homogeneous 
groups. The analyzed bit provides good results under the cutting conditions studied, but there are not significant factors. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Currently, the study of the drilling of polymeric materials is increasing due to its industrial applications. Some of 
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these materials are PA66 (Poly-Amide), PEEK these materials are PA66 (Poly-Amide), PEEK (Poly-Ether-Ether-
Ketone) and PTFE (Poly-Tetra-Fluoro-Ethylene) also called Teflon. The three materials selected are dissimilar 
respect its proprieties, constitution of fibers and behavior during the heating, typical in drilling process; in 
consequence a different behavior is expected. Former studies are shown as PEEK [1] and PA66 [2] have a good 
machinability, but they are materials that suffer delamination. Moreover, the effect of the tool is decisive in the 
surface final quality. These considerations can be extended to PTFE. 
The effect of the delamination can affect to assembly quality and in particular to the tolerance in subsequence 
operations to drilling as riveting. For this reason, it is important to determine the conditions that minimize this 
damage. Note that the drilling process is a previous process in many assembly operations. In consequence, a good 
conditions in the finished of holes can to avoid subsequent operations. 
In composites materials, in particular in polyester resin reinforced with E-glass, the feed rate and the cutting 
speed affects to delamination, although the feed rate is the more influential factor [3], similar considerations have 
been found during drilling process in materials as PEEK reinforced with glass fiber [4]. Grilo et al. [5] analyze the 
damage at hole entrance and hole exit, and find that depends on the tool type, at least, in the cutting conditions 
studied, but in general, when it is possible to compare, the damaged area is larger at hole entrance. Campos Rubio et 
al. [6] conclude that high cutting conditions are convenient to get low levels of damage. 
Therefore, the objective of this work is to analyze the delamination during the drilling process of these materials, 
PEEK, PA66 and PTFE, at the entrance of the hole, and to determine adequate cutting conditions. 
2. Experimental procedure 
2.1. Experimental methods 
The experiments have been carried out in a machining center, Manga Tongtai TMV-510, in dry. Different cutting 
conditions have been selected during drilling process, in particular cutting speed (N) between 6000 and 8000 rpm, 
and feed rate (F) between 300 and 500 mm/min. 
  
Fig. 1. Drill. 
The selected drill was designed specifically to drill polymers. Its material is tungsten carbide, WC, and its point is 
of diamond. The geometry responds to a point angle of 90º, a helix angle of 35º and diameter of 6.3 mm. The drill 
used is shown in Fig. 1. This drill has been tested on composites materials, the delamination is not smaller than in 
holes drilled with not specific drills [4]. However in polymeric materials, it has not been tested. 
The plates of the three materials have the same thickness, in particular 6.5 mm. This measurement has been 
selected because in some industries is a thickness used and thus, it is possible to compare the results found respect to 
behavior of the drill. The main mechanical and thermal proprieties of PEEK, PA66 and PTFE are shown in Table 1. 
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Table 1. Mechanical and thermal proprieties. 
 PEEK PA66 PTFE 
Density (kg/m3) 1320 1140 2100 
Tensile strength (MPa) 110 93 13 
Tensile modulus (GPa) 4.48 3.55 0.5 
Melting temperature (°C) 334 260 327 
 
The delamination factor has been determined though an optical three-dimensional optical device, TESA VISIO. 
In this equipment, the hole diameter and the diameter maximum of damaged region have been measured. These 
magnitudes are illustrated in Fig. 2. As is seen, the delamination factor (Fd) is defined as the rate Dmax/D, 
dimensionless; this rate was determined by Davim et al. [7] to try to quantify the damage after drilling, and it has 
been accepted in the academic literature, i.e. in Campus Rubio et al. [6] and Rajamurugan et al. [8]. 
2.2. Statistical procedure 
The results of the tests were treated in a statistical analysis through an analysis of variance (ANOVA) to find the 
influence of each factor and its interactions, thus as the factors and interactions that have a P-value less than 0.05, 
therefore that they are statistically significant at a confidence level of 95.00% [9]. In this case, the factors are cutting 
speed, feed rate and materials. The materials have been selected as factor because if it is not statistically significant, 
in future researches, the experiments results of a polymeric material could be extended to others, in drilling process 
and for delamination factor. Thus, the measures have been realized three times, and after the delamination factor has 
been calculated. Later ANOVA analysis has been conduced using Statgraphics software [10]. 
A Student-Newman-Keuls test is applied to confirm if the groups of materials and the cutting conditions are 
homogeneous. 
Table 2. Delamination factor (Fd). 
Cutting conditions 
PEEK PA66 PTFE 
N [rpm] F [mm/min]  
6000 
300 1.004 1.0173 1.0902 
400 1.007 1.0683 1.0308 
500 1.0344 1.1013 1.0311 
7000 
300 1.0689 1.0168 1.0743 
400 1.011 1.0194 1.2125 
500 1.0665 1.0116 1.0303 
8000 
300 1.0133 1.037 1.0348 
400 1.0835 1.039 1.0408 
500 1.0776 1.1094 1.0325 
3. Results and discussion 
3.1. Experimental results 
The mean of three measurements, according was explained in Section 2, from delamination factor, is expressed in 
Table 2; in it can be observed values between 1.004 and 1.2125. Although the lowest value is associated to low N 
and F in PEEK, it is not clear that an increase of N or F worsen the delamination. Moreover in Table 3 can be seen 
the images of damage at entrance hole, after the drilling process; these images, in general, show consistency with the 
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numerical results of Table 2; moreover can be appreciated that some fibers remain in the drilled hole, in particular in 
PEEK for N=6000 rpm and F=400 mm/min and (Fd=1.007) in PTFE for N=7000 rpm and F=300 mm/min 
(Fd=1.0743). These fibers they may affect to the hole quality; but, it left out of this study. 
 
Table 3. Delamination at entrance hole. 
Cutting conditions 
PEEK PA66 PTFE 
N [rpm] F [mm/min]  
6000 
300 
   
400 
   
500 
   
7000 
300 
   
400 
   
500 
   
8000 
300 
   
400 
   
500 
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3.2. ANOVA Analysis 
Table 4 shows the ANOVA analysis for PEEK, PA66 and PTFE. The P-value confirms that none of the factors 
and interactions is statistically significant, because P-value is not less than 0.05 in a confidence level of 95.00%. 
This consideration is important, because the results of a material could be extended to others. Note that each feed 
rate does not refer to the same feed per revolution, but its differences are small.  
In the Fig. 2, the average and the confidence intervals can be observed; PEEK is the material that presents a low 
delamination factor, and PTFE presents the high value, in the range analyzed. Moreover, in Fig. 3, the values of 
cutting speed are illustrated; in them, the best behavior of material is for N = 6000 rpm, and after for N = 8000 rpm. 
Respect to the means of feed rate, the Fd is increased with the feed rate (see Fig. 4). 
Table 4. ANOVA Table for PEEK, PA66 and PTFE. 
Source Sum of squares Degree of freedom Mean Square F-ratio P-value 
N 0.000924423 2 0.000462211 0.23 0.8029 
F 0.0016157 2 0.000807849 0.39 0.6864 
Material 0.00267334 2 0.00133667 0.65 0.5463 
N-F 0.00524363 4 0.00131091 0.64 0.6487 
N-Material 0.0144926 4 0.00362314 1.77 0.2281 
F-Material 0.00996772 4 0.00249193 1.22 0.3755 
Residual 0.0163815 8 0.00204769   
Total 0.0512989 26    
 
An analysis of interactions allow to identify that in PEEK plates, the damage is increased to augment the cutting 
speed, but in PA66 and PTFE the results are very different, with values recommend of 7000 rpm for PA66 and 8000 
rpm for PTFE (see Fig. 5). While an increase of feed rate provokes a high damage in PEEK and PA66, in opposite 
to other results found in material of polymeric matrix, although in PTFE is recommendable higher feed rate, of 500 
mm/min (see Fig. 6).  
Fig. 7, interaction N-F does not provide particular considerations for cutting conditions or trends  
Fig. 2. Means and 95.00% confidence intervals for polymeric materials. 
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Fig. 3. Means and 95.00% confidence intervals for cutting speed. 
 
Fig. 4. Means and 95.00% confidence intervals for feed rate. 
 
Fig. 5. Interactions N-Material. 
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Fig. 6. Interactions F-Material. 
Fig. 7. Interactions N-F. 
3.3. Student-Newman-Keuls Analysis 
The Student-Newman-Keuls show that the groups between cutting conditions and between materials are 
homogeneous at 95.00% confidence level (see Table 5). Thus, there are not statistically significant differences 
between the means of pairs of data. 
Table 5. Student-Newman-Keuls analysis. 
Source Comparison Difference Homogeneous group 
N 
6000-7000 -0.0141 Yes 
6000-8000 -0.0092 Yes 
7000-8000 0.0048 Yes 
F 
300-400 -0.0173 Yes 
300-500 -0.0153 Yes 
400-500 0.0019 Yes 
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Source Comparison Difference Homogeneous group 
Material 
PA66-PEEK 0.0059 Yes 
PA66-PTFE -0.0174 Yes 
PEEK-PTFE -0.0234 Yes 
4. Conclusions 
The analyzed bit, specific for these materials, provides good results under cutting conditions very delimited. In 
the delamination, the most influential factors have not been identified because the ANOVA analysis has not found 
significant factors or interactions; this question has been confirmed by Student-Newman-Keuls test, at 95.00% 
confidence interval and in the range considered. In spite of this, the results prove that delamination factors found are 
low, between 1.004 and 1.2125 in delamination factor. Therefore, this drill can be adequate in the polymeric 
materials, PEEK, PA66 and PTFE. 
Further studies could be completed with an analysis of delamination at exit hole, and with an ampler range of 
cutting conditions. 
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